In the dual antiplatelet therapy (DAPT) study, continued thienopyridine beyond 12 months after drug-eluting stent placement was associated with increased mortality compared with placebo. We sought to evaluate factors related to mortality in randomized patients receiving either drug-eluting or bare metal stents in the DAPT study.
Introduction
With prevention and treatment, age-adjusted mortality from cardiovascular disease in the USA has declined dramatically. 1, 2 In populations with coronary artery disease, deaths due to non-cardiovascular causes now rival those due to cardiovascular aetiologies. 3, 4 Contemporary cardiovascular trials are therefore often designed to detect events that impact quality of life or morbidity, rather than mortality alone. Nonetheless, mortality, from any cause, has great significance to patients and physicians.
Anticoagulants and anti-thrombotics may be associated with cardiovascular benefits, yet they also increase bleeding risk. Among individuals treated for coronary artery disease, bleeding and subsequent mortality are associated. 5, 6 The degree to which medical therapies increase the risk of bleeding and subsequent mortality beyond what can be attributed to intrinsic patient risk factors may be difficult to determine from observational analysis. 7, 8 The dual antiplatelet therapy (DAPT) study was an international, blinded, placebo-controlled, and randomized trial comparing two durations of thienopyridine therapy to prevent stent thrombosis and/or the composite endpoint of mortality, myocardial infarction or stroke (MACCE: major adverse cardiovascular and cerebrovascular events) among patients treated with coronary stents. While continued thienopyridine therapy was associated with reductions in the co-primary endpoints of stent thrombosis and MACCE, it was also associated with an increase in moderate or severe bleeding. 9, 10 Among patients treated with drug-eluting stents (DES), all-cause mortality, a secondary endpoint, was increased in those treated with continued thienopyridine therapy plus aspirin over the combined randomized and aspirin-only treatment periods (12-33 months). 9 In populations with cardiovascular disease, prior large trials evaluating extended thienopyridine therapy have not observed higher mortality in combined meta-analysis compared with aspirin alone, 11 -13 yet meta-analyses of the subset of DES-treated subjects, predominantly driven by the DAPT DES-treated cohort, have reached varying conclusions using different methods. 14, 15 Based on the premise that a mortality risk with thienopyridine therapy would not be unique to a particular stent type, we performed an exploratory analysis of all randomized patients [DES and bare metal stent (BMS) treated] in the DAPT study to closely analyse causes of death and to identify a putative mechanism of mortality associated with continued thienopyridine plus aspirin therapy.
Methods

Study background
The DAPT study compared the effects of continued thienopyridine therapy vs. placebo beyond 12 months in patients who had coronary stent placement and who were taking aspirin. 16 Primary outcomes have been described and included concomitant reduction in definite or probable stent thrombosis and MACCE, and increase in moderate/ severe bleeding. 9 Among randomized DES-treated patients (n ¼ 9961), continued thienopyridine reduced MACCE (hazard ratio 0.71, P , 0.001), with myocardial infarction being the component most favourably affected (hazard ratio 0.47, P , 0.001). However, continued thienopyridine (vs. placebo) was associated with increased moderate or severe bleeding (2.5 vs. 1.6%, respectively, P ¼ 0.001) and all-cause mortality (2.0 vs. 
Study population
Inclusion criteria required that eligible subjects were adults undergoing coronary stent placement who had ≥3 years life expectancy, were candidates for dual antiplatelet therapy, and were not on oral anticoagulants. Patients treated with either BMS or DES were eligible for randomization, and were pre-specified for analysis of the primary endpoints and their components.
Study procedures
Patients enrolled in the DAPT study received thienopyridine (clopidogrel or prasugrel) and aspirin therapy (open-label period). At 12 months, patients free of myocardial infarction, stroke, moderate or severe bleeding, and who were treatment compliant, continued aspirin and were randomized to continued thienopyridine or placebo for an additional 18 months (randomized treatment period; Months 12 -30). After 18 months of randomized treatment, the study drug was discontinued and patients were followed for an additional 3 months during which they received aspirin alone (aspirin only period; Months 30 -33). This study was conducted in accordance with the Declaration of Helsinki; the locally appointed ethics committee approved the research protocol at each institution and informed consent was obtained from the subjects (or their guardians).
Clinical event adjudication
All possible primary endpoint events, including death, underwent independent, blinded adjudication by a Clinical Events Committee (CEC) as previously described. 16 9 a second blinded CEC composed of two cardiologists and four oncologists was established to evaluate the potential contribution of specific pathologic mechanisms to mortality (see Appendix). The classification of cardiac, vascular, and non-cardiovascular death was not readjudicated. All deaths were reviewed regardless of initial adjudicated cause. Bleeding-related death was adjudicated as any death that was possibly, probably, or definitely related to a prior bleeding event. Cancer-related deaths were similarly adjudicated as any death that was possibly, probably, or definitely related to a malignancy or complications from treatments specifically administered for the malignancy. In addition, the second CEC adjudicated characteristics of the malignancy, including date of diagnosis, stage, location, and treatment type.
Statistical analysis
Analyses planned and conducted after the primary analysis of the DEStreated cohort had been completed were intended to investigate mortality, and should be considered exploratory. Analyses were performed on the intention-to-treat population (all randomized patients). Analysis periods included the randomized period, to evaluate mortality while patients were taking study drug, and the combined randomized plus aspirin-only periods (Months 12 -33), to include the possibility of delayed effects on mortality. Outcomes included all-cause, cardiovascular, and non-cardiovascular mortality. Kaplan -Meier estimates of the cumulative incidence are presented according to randomized treatment group along with hazard ratios (continued thienopyridine vs. placebo) derived from Cox proportional hazards model, and their two-sided 95% CIs, all of which are stratified by randomization strata. Patients without a given event were censored at 33 months or last known follow-up, whichever was earlier. Treatments were compared using the log-rank test. Other subtypes of mortality are presented as absolute Causes of late mortality with dual antiplatelet therapy frequencies and compared between randomized treatment groups using Fisher's exact tests.
We repeated the analyses using multiple-imputation logistic-regression modelling (50 imputations) to impute missing mortality status using baseline covariates from Table 1 in the imputation model. We assessed the consistency of the randomized treatment effect on all-cause mortality using Cox proportional hazards regression with tests of subgroupby-treatment interactions across 15 factors of interest, all previously defined for tests of interaction on the primary study endpoints. In addition, we evaluated the results regarding mortality types using competing risk models. All statistical analyses were conducted with the use of SAS version 9.2 (SAS Institute Inc., Cary, NC, USA). A two-sided P-value of ≤0.05 was considered statistically significant.
Results
Study population
Between 13 August 2009 and 1 July 2011 a total of 25 682 patients were enrolled in the DAPT study; after 12 months of open-label treatment, 11 648 were randomized to continued thienopyridine (n ¼ 5862) or placebo (n ¼ 5786). At least 30 months follow-up was complete or vital status was available in 5588 (95.3%) vs. 5510 (95.2%) of patients receiving continued thienopyridine or placebo, respectively, and in 5526 (94.3%) vs. 5451 (94.2%), respectively, at 33 months (see Supplementary material online, Figure S1 ). Patient and lesion characteristics did not differ between treatment arms ( Table 1) , nor did rates of study drug discontinuation (21.0% with thienopyridine vs. 19.7% with placebo, P ¼ 0.12) through 30 months.
Mortality
During the randomized period, patients assigned to continued thienopyridine had a rate of all-cause mortality of 1.9 vs. 1.5% in those receiving placebo (hazard ratio 1.31, 95% CI 0.97 -1.75; P ¼ 0.07; Figure 1 , Table 2 ). There was no difference in cardiovascular death (1.0 vs. 1.0%, respectively; hazard ratio 1.01, 95% CI 0.69 -1.47; P ¼ 0.97), but there was a difference in non-cardiovascular death (0.9 vs. 0.5%, respectively; hazard ratio 1.94, 95% CI 1.20 -3.15; P ¼ 0.01, Figure 2 , Table 2 ). In the aspirin alone period (30 -33 months), there were no significant differences in mortality (0.4 vs. 0.3%, hazard ratio 1.38, 95% CI 0.67 -2.81, P ¼ 0.38), but the rate of cardiovascular death was numerically higher in the continued thienopyridine arm when active treatment was stopped (0.3 vs. 0.1%, hazard ratio 2.39, 95% CI 0.84 -6.77; P ¼ 0.09). Over the combined randomized treatment plus aspirin alone periods (12-33 months), the rate of all-cause mortality was 2.2% with continued thienopyridine and 1.8% with placebo (hazard ratio 1.32, 95% CI 1.00 -1.73; P ¼ 0.05). Multiple imputation for missing data showed a similar directional trend without statistical significance for mortality comparing continued thienopyridine vs. placebo at 30 and 33 months (hazard ratio 1.21, 95% CI 0.91 -1.62, P ¼ 0.19 at 30 months; 1.16, 95% CI 0.92 -1.48, P ¼ 0.21 at 33 months). No subgroup appeared to have a significantly higher or lower hazard ratio for mortality with continued thienopyridine, including those with a prior history of cancer (see Supplementary material online, Table S1 ). Similar results were obtained using competing risk models (see Supplementary material online, Table S2 ).
Events preceding mortality
Bleeding During the combined randomized and aspirin only treatment periods, moderate or severe bleeding events were more frequent with continued thienopyridine (2.7 vs. Race and ethnic groups were self-reported. c Body-mass index is the weight in kilograms divided by the square of the height in meters. Table S3 ) did not differ between treatment groups. Death that was definitely, probably, or possibly related to bleeding occurred in 0.3 vs. 0.2% (P ¼ 0.36, Table 3 ) in the continued thienopyridine and placebo arms, respectively. Among the 30 bleeding-related deaths, 13 were related to trauma, usually major. There was no difference in rates of death preceded by any bleeding within 30 days (defined as BARC Type 2, 3 or 5) (0.2 vs. 0.2%) or death preceded by any bleeding at any point after randomization (0.4 vs. 0.4%). Figure 1 Cumulative incidence curves for all-cause mortality. Randomization occurred at 12 months after stenting. The primary analysis period was the period from Months 12 to 30 after percutaneous coronary intervention, during which subjects received the randomized study drug. Patients were followed for an observational period of an additional 3 months after discontinuation of the study drug (i.e. to 33 months after enrolment). From 12 to 30 months, 1.9% in the thienopyridine arm died compared with 1.5% in the placebo arm (hazard ratio 1.31, P ¼ 0.07). From 12 to 33 months, 2.2 vs. 1.8% mortality was observed in the thienopyridine and placebo arms, respectively (hazard ratio 1.32, P ¼ 0.05). Causes of late mortality with dual antiplatelet therapy
Cancer
Cancer incidence between enrolment and randomization (0.4% for continued thienopyridine vs. 0.5% for placebo, P ¼ 0.57), and after randomization (12-33 months) did not differ (2.0 vs. 1.6%, respectively, P ¼ 0.12). Cancer-related death occurred in 0.6 vs. 0.3% respectively, P ¼ 0.02 ( Figure 2) . Cancer location in patients with cancer-related death was diverse. Lung cancer was most common (n ¼ 10 vs. 9), followed by prostate (5 vs. 0), pancreas (4 vs. 1), and colorectal cancer (4 vs. 0). There were no differences in the occurrence of haematologic malignancies between treatment arms (2 vs. 1). Cancers were metastatic in .33% of the subjects at the time of diagnosis (see Supplementary material online, Table S4 ). Study drug had been discontinued prior to death at a median 60 and 118 days in subjects treated with continued thienopyridine or placebo, respectively. Cancer-related deaths were more commonly not associated with bleeding ( Table 3) . Of three cancer-related deaths attributed to bleeding, two were in the setting of surgical procedures. Cancer was diagnosed prior to enrolment in nine patients who subsequently died, eight of whom were assigned to continued thienopyridine. Exclusion of these 9 patients in a sensitivity analysis resulted in 26 (0.4%) vs. 16 (0.3%) cancer-related deaths with continued thienopyridine and placebo, respectively (P ¼ 0.16).
Discussion
This analysis was prompted by the unexpected observation of an increase in non-cardiovascular event-related death, which entirely accounted for the increase in total mortality (+0.4%) among patients assigned to continued thienopyridine (vs. placebo) in the DAPT study. No difference in cardiovascular-related death rate was observed during the randomized treatment period despite a 71% relative reduction in stent thrombosis and a 53% relative reduction in myocardial infarction with continued thienopyridine therapy (vs. placebo), although over the 3-month period when subjects discontinued thienopyridine, there was a trend toward increased cardiovascular mortality. 9 In this analysis of the mechanisms of deaths occurring within the DAPT study, we found that fatal bleeding was rare and accounted for only 6.8% (15 of 222) of all deaths while relatedness of death to any (possible, probable, and definite) bleeding accounted for 13.5% (30 of 222) of all deaths. Continued thienopyridine therapy was associated with increased bleeding risk, particularly in the setting of unexpected major trauma, but bleeding accounted for a small fraction of the observed difference in mortality between randomly assigned treatment arms in the DAPT study. The major portion of mortality difference was observed in clopidogrel-treated patients, although thienopyridine type was not randomized (the clopidogrel group was larger in sample size and of older average age than the prasugrel group). A recent large randomized trial of ticagrelor vs. placebo showed no hazard for non-cardiovascular mortality despite a higher risk of bleeding, 20 and a recent meta-analysis suggested a reduction in cardiovascular mortality with no increase in noncardiovascular mortality with P2Y12 inhibition following myocardial infarction. 21 Importantly, only patients expected to tolerate thienopyridine plus aspirin therapy were enrolled into these studies, and patients requiring oral anticoagulation were excluded. In the DAPT study, subjects with major bleeding events during the first year following coronary stenting while receiving thienopyridine plus aspirin therapy were considered ineligible for randomization. Furthermore, if medical reasons for discontinuing thienopyridine plus aspirin therapy arose after randomization, patients were permitted to stop study drug and receive open-label therapy according to their physician's discretion. Under these conditions, despite the known bleeding risk of thienopyridine plus aspirin therapy, bleeding was the attributed cause of death in a minority of patients and fatal bleeding was rare. While it is possible that undetected bleeding may have contributed mortality risk, adjudication by the blinded committee included any possible precedent bleeding before death. Trauma-related death was unusual, but most often associated with severe rather than minor trauma.
The difference in mortality between randomized treatment arms was primarily attributable to cancer-related deaths that occurred without clinically evident bleeding. In this regard, several points deserve mention. First, a history of cancer was not an exclusion from DAPT study enrolment and was present in 10% of all randomized patients. Second, a larger number of patients with pre-existing cancer, in some cases metastatic at the time of initial diagnosis, were randomly assigned to continued thienopyridine therapy, and there was no significant difference in the incidence of new cancer diagnosis was observed after randomization. Third, cancer-related deaths were most commonly due to solid tumours without predilection for specific cell type or location. The grouping of these various cancers together as one common clinical condition may have limited pathophysiologic rationale, despite being a simple construct for analysis. Finally, cancer-related death was rarely related to bleeding (n ¼ 3), and in most cases antiplatelet therapy had been discontinued well in advance of death. Given these observations, and the intended but incomplete exclusion of life expectancy limiting cancers from enrolment, it seems prudent to conclude that continued thienopyridine should be considered very carefully among patients with limited life expectancy due to cancer, as the impact of cancer may be more important than cardiovascular event reduction over the immediate course of treatment. Furthermore, the observation of increased cancer-related mortality may be a chance finding either related to enrolment imbalance or related to false-positive results.
The observed prominence of cancer as a cause of death following coronary stenting is consistent with current trends. Over the past 30 years, cancer has supplanted cardiovascular diagnoses as the dominant cause of mortality following percutaneous coronary intervention. 3, 4 This likely reflects improvement in procedural outcomes and stent technology as well as more comprehensive, intensive associated medical therapy. As death due to cardiovascular disease has declined, the relative contribution of cancer to all-cause mortality has increased. In fact, we did not observe a reduction in cardiovascular mortality associated with continued thienopyridine therapy despite reduction in ischaemic events (stent thrombosis, myocardial infarction), possibly due to a decline in acute mortality following such events.
22,23
Recent meta-analysis of 14 randomized trials involving almost 70 000 patients and almost 140 000 patients/years of follow-up, with a median 2 years follow-up, showed no difference in mortality with thienopyridine and aspirin compared with aspirin alone [hazard ratio 1.04, (95% credible interval 0.96 -1.18)], and meta-regression analysis demonstrated no relationship between duration of combination therapy and mortality. 11 In addition, a recent large-scale clinical trial suggests that continuation of aspirin plus ticagrelor therapy beyond 1 year after myocardial infarction is not associated with increased mortality. 20 Additionally, recent studies have not demonstrated a relationship between thienopyridine therapy and cancerrelated mortality.
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Limitations
Cancer endpoints were not pre-specified, and histologic data were not available in most patients. A common pathophysiologic mechanism is unlikely across the types and locations of cancer observed in this trial. The analysis was performed with pooled types and locations of cancer to provide statistical power, but this, and multiple testing, may have increased the risk of a false-positive finding. Similarly, while all-cause mortality and was not significantly increased in this analysis, observations on mortality in a single trial are equally subject to either lack of power or the risk of a false-positive finding as are other endpoints. Sub-analyses for relatedness to bleeding and cancer were designed as exploratory, and not pre-specified before examining the primary study results. These event rates are small and effect estimates unstable.
Conclusion/summary
As cardiovascular mortality has decreased with iterative improvements in revascularization procedures, better risk factor management, and adoption of effective medical therapies, the relative contribution of non-cardiovascular events to total mortality in patients with coronary artery disease has increased.
In the DAPT study, there was a trend toward increased overall mortality contributed to by a higher rate of non-cardiovascular death during treatment with continued thienopyridine, and a trend to higher cardiovascular death during the period of discontinuation of therapy. Non-fatal bleeding was increased, although fatal bleeding was rare, and did not explain a difference in non-cardiovascular mortality. The relationship between cancer-related death and continued thienopyridine treatment was not evident after cancerrelated deaths in patients diagnosed with cancer prior to enrolment were excluded, and may have been attributable to chance. Nevertheless, clinicians should carefully consider the use of extended thienopyridine therapy in patients with limited life expectancy due to cancer on an individual basis.
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